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A STUDY 017 SOLDERS
INTRODUCTION
The introduction of the use of solders was probably
1According to Pliny , two COnl-made in late Roman times.
positions were in common use at this time: "tertiariwJl,"
consisting of one part of tin and two of lead; and "ar-
gentarium," consisting of equal parts of the two metals.
It is intere~ting to note that these solders are of the
same composition as those widely used today; "t.ertLa r-um"
corresponding to plumbers' solder and "argentaril.lm"of the
safle composition as tinners' solder.
From Roman times until the present century, only one
imnortant introduction was made in the soldering process.
This came with the jntroduction of the wiped. joint in 1432,
when it was used in installing the Bayswater lead conduit.
The present century marks the beginnine; of a new era in the
soldering field with the introduction of machine soldering.
Indicative of the importance of solders in our present
civilization is the vast anount of lead and tin which is
consumed annually in their production. In 1936, the latest
year for which figures are available, 22,000 short tons of
2lead and. 20,500 short tons of t in were c on s umed ,
The wetting of liquids by liquids has been a subject
of considerable study, and the phenomenon is fairly well
understood both quantitatively and qualitatively. Chemical-
1. MacNaughtan, D. J., and Ernest S. Hedges: Solder. In-
ternational Tin Research and Development Council, Bulle-
tin 2, P. 4 (September, 1935)
2. U. S. Bureau of Mines: "Minerals Yearbook" U. S. Gov't.
Printing Office, Washington (1938); PP. 119 and 617.
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ly, it is explained by the attraction of the molecules of
one liquid for those of the other. The wetting of solids.
by liquids is also explained by the chemical affinities of
the atoms or molecules at the surface. Little qualitative
work has been done in this field, due to the difficulty of
measuring the surface energy of solids and that of liquid-
solid interfaces.3
The purpose of this paper is to furnish a qualitative
method of com'Jaring the degree of wetting of various solders
upon different nLat e metals when several fl uxe s are usad.
EXPLANATION OF TERHS
Solder is a fusible metal or alloy used to unite other
metals or alloys. Important properties of a solder are a
low melting point and a ready adhesion for other metals.
As used in this paper, the term will refer only to alloys
of lead and tin. It cannot be considered a specific sub-
stance but comprises a whole series of alloys, the proper-
ties of which vary with the composition.
Plate metal is the term referring to the metals which
a e to be joined together.
Flux is a SUbstance which is used to insure perfect
adhesion between the solder and metal. The function of a
flux is twofold: (1) to protect the surface from oxidation
at the temperature required for soldering, and (2) to re-
move existing oxide or dirt from the surface.
3 Daniels, E. M., and D. J. MacNaughtan: Wetting of Metals
,by Metals with Particular Reference to Tinning and Solder-
ing, Technical Publications of the In~~rnational Tin Re-
search and Development Council. Series B. No.6, P. 3 (Feb.,
1937
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Wetting is that phenomenon which causes a drop of liq-
uid to spread indefinitely over a solid when the liquid is
placed in contact with the surface. The solid is said to
be unwe t ted by the liquid if the liquid comes to rest in
the forr.J.of a globule. Crow4 suggests that if wetting occurs
between two metals, alloyine; invariably follows; and con-
versely, alloying must be preceded by wetting.
The degree of wetting is measured by the contact angle.
Reinders5 calculated that the cosine of'the angle made by
the adhering bubble and solid surface is related to the
surface tensions involved as follows (see Fig. 1):
cos e: = TSG - TSL
TLG
in which T is.the surface tension between theSG
solid and gas.
T is the surface tension between theSL
solid and liquid.
T is the surface tension between theLG
liquid and gas.
'& is the supplement of the contact angle.
The contact angle thus provides a convenient method for meas-
uring the efficacy of solders.
4 Cro,v, T. B.: Fluxes for Soft Soldering, Reprint from
Trans. Faraday Society:, Vol. XX, P. 200 (Part I, August,
1924)
5 Ralstron, Oliver C.: Why Do Minerals Float, Min. Sci.
Press, 111, 623-27 (1915)
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Gas
:30 lid
A Fig. 1. Contact Angles B
A, liquid wets metal; B, liquid does not wet metal.
PROPERTIES OF SOLDERS
Much regarding the properties of solderoScan be learned
6from a study of the equilibrium diagram shown in Figure 2.
With the exception of the alloy containine; 61.9 per cent
tin, the solidification occurs over a range of temperature.
The alloy containing 61.9 per cent tin has the lavest melt-
ing point of the series and solidifies sharply. The other
solders can be worked since they are in a pasty condition
over a range of temperature. The temperature of complete
liquefaction and complete solidification of the solders in-
vestigated are shown in Table I.
Table I. Properties of Solders.
Solder Composition Temperature of:
Pb Sn Complete Solid. Compo Liq.
33% 67% 0 1900183.3 C. C.
50% 50% 0 0183.3 C. 220 C.
67% 33% 183.30 C. 2600 C.
6 Hansen, Von M.: "Der Aufbau Zweistofflegierungen,"
J. Springer, Berlin (1936)
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Practically all commercial solders fall within the ranee
16 to 61.9 per cent tin. Therefore, the solidified com-
mercial solders consist of crystals of lead surrowlded by
eutectic. As the tin content is increased within this
range, the relative proportion of eutectic to free lead
is also increased. As the composition nears that of the
eutectic, the freezing range becomes correspondingly
smaller. As shown in the diagram, tin is soluble in lead
up to about nine per cent at 100 C., but lead is only very
slightly soluble in tiRo
EXPERD ._tl;NTATION
The alloys of tin and lead were prepared over a Bunsen
'flame in an unglazed crucible lined with flaked graphite to
prevent excess oxidation of the metals during melting. The
lead was first melted and the tin added. The solders thus
prepared were of the approximate corapo sItion: (1) two par ts
of tin to one of lead, (2) equal parts of the two metals,
and (3) two parts of lead to one of tin. It is seen that
the first solder is near the eutectic composition while the
second and third are on the lead rich side of the diagram.
Table II. Solders Prepared
Weight of Pb. Weight of Sn. Weight of resulting solder
15.0 g. 7.5 g. 21.5 g.
16.7 g. 16.7 g. 25.8 g.
30.0 g. 15.0 g. 38.1 g.
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The plate metals copper, aluminum, nickel, zinc, iron,
and nevastain were each used to determine the degree of wet-
ting which was obtained when given different preliminary
treatment and treated with various fluxes. The fluxes used
were ammonium chloride, zinc chloride, a mixture of equal
parts of zinc and ammonium chlorides, and rosin. The solder
used in the preliminary experiments was that containing two
parts of lead and one.part o~ tin.
Series 1. The plate metal.was cleaned with number 0
emery paper and heated on a hot plate to about 2500 C. The
solder was melted on with a Bunsen burner, touched with the
flUX, and the effect noted.
Series 2. The plate metal was uncleaned, but with this
exception was treated the same as Series 1.
Series 3. The plate metal was cleaned with number 0
emery paper and placed on the hot plate with the flux and
solder in contact. The three were heated together and the
effect noted as before.
Series 4. The plate metal was treated similar to
Series 3, except that it was not cleaned previous to being
placed on the hot plate.
The detailed results of these experiments follow.
In no case did wetting occur when the solder was melted
on the hot plate metal unt il the solder was touched with the
flux. The globule of solder remained as an oxidized blob
which could easily be brushed off leaving no trace. In all
cases, however, the solder was cleaned to a bright shining
-8-
globule immediately when touched with any of the fluxes.
With either chloride alone or with the mixture of the
chlorides, the solder wetted the copper, nickel, and zinc
and formed a good union with the plate metal. "When neva-
stain was used as a plate metal, the zinc chloride alone
or the mixture of zinc and amr~oniwl chlorides caused a good
union to be formed, but wetting was very slight when am-
monium chloride was used alone.
In no case was rosin as effective a flux as any of the
inorganic salts used. With copper, the wetting was so slight
tha t the solder could be flicked off with the fingers. When
'nevast afn was used, no union was effected; the globule would
slide off when the plate was tipped. A union w-as effected
with the other plate metals but in none, with the possible
exception of zinc, did the spreading occur to so sufficient
an extent as to even consider rosin as an effective flux
under the conditions maintained. The inorganic fluxes
caused a greater degree of we t t Lng with zinc, so this would
preclude rosin as a probable flux in this case. The
aluminum was not wetted by the solder when any of the fluxes
were used.
In general, the results obtained with the second ser ies
paralleled those of the first. The time required for wetting
to take place was about one and one-half times as long as
that necessary for the first group, and in no case did the
solder wet the plate metal to as great an extent as it did
when the latter had been previously cleaned. This was par-
ticularly noticeable when iron was used. Rosin did not form
an effective union with any plate metal except zinc.
Best results were obtained with Series 3 when the flux
-9-
and solder were placed in contact with the cleaned plate metal
efore the latter was heated. Presumably, this is due to the
fact that the f'Lux protects the cleaned surface from oxidation
while it is being heated. The solder remained as a free clean
glob Ie for a few secon s, then suddenly spread when the melting
point of the sol er was reached. With all plate metals except
aLun lnum wetting occurred with each of the four fluxes. No
flux caused wettine of the alumjnum.
VJhen the Inor-gani c sal t s wev e used as fluxes and the sur-
f ce of the plate metal was not cleaned, the results paralleled
those of Series 3. The one notable exception was with neva-
stain as the plate metal in which case ammon Lum chloride did
not cause wettinG to take place. The degree of wetting was
decidedly reduced in all cases when rosin was used as a flux.
Al minum was not wetted by the solder when any of the flu..xes
were used.
In order to furnish a qualitative method of comparison,
contact angles were measured. In addition to the fluxes used
in the preceding experiments, a one per cent solution of sodium
s I_hide was also sed. Three solders of the approximate com-
position two parts of lead to one of tin, one part of lead to one
of ti ""1, and one part of Lec.d to two of tin, re spec t1vely, were
used with each flux and with each plate metal. In the preceding
experiments the best results were obtained when the flux and the
so der wer-e placed in contact wi t.h the plate metal 'before the
latter was heated. Hence, in all tests where the angle of contact
was to be measured, this procedure was followed. Three types of
surface pre arat on for each plate metal were included in the
-1 -
investi .a t i on ; namely, oxidized, emeri ed , and emeried and etched.
The apparatus used for measuring the contact angle is
shown in Figure 3. It consists essentially of a liyht with
suitable lenses to focus and project the image on a screen
Fig. 3. Apparatus for me asur-Lng contact angle
at suitable magnification. 'I'he angle thus projected is
measu oed by means of a protractor. In all cases where possible
the contact an le formed at each side of the bubble was
de t er-mtncd an the mean taken. The results are shown In
Tables III to VII.
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Table IlIa.
Contact Angles with Copper
Surfact Oxidized to CuO
Solder Used Flux used Average Contact Angle
Rosin 1510 15'
Na S 1510 30'2
Pb = 33% NH4Cl I ZnCl 170
0 30'2
Sn = 67% NH Cl 1720 30'4
ZnCl 1720 30'2
lilH Cl 15804
Sn = 50% ZnCl 15802
Pb = 50% Rosin 1650
Na2S 168
0 30'
:NH Cl I ZnCl 18004 2
NH Cl 1540 30'4
Na S 1580 15'2
Pb = 67% ZnCl 16002
Sn = 33% Rosin 1670
liTHCl I ZnCl 17504 2 ,
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Table III b.
Contact An les with Copper
Surface Oxidized to Cu20
,
ISolder used Flux Used Av er-ag e Contact Angle
:
Na2S 45
0
NH Cl 1460
4
Pb = 33% Rosin 1620 30'
Sn = 67% ZnC12 173
0
I
I
NIlCl I ZnC1 1800 I4 2 I
330
I
Na S2
l'H4C1 157
0 45'
Pb = 50% Rosin 1600 15'
Sn - 50% ZnC12 1710
NH4Cl I ZnC12 173
0
Na2S 65
0 45'
Rosin 1500
Pb - 67'/0 xa Cl 1570 00'- 4
Sn • 3~'lt znC12 169
0 30'0/G
NH4Cl I ZnC1 175
0
2
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Table III c.
Contact Angle wjth Copper
Surface Emeried
Solder Used Flux Used AveraGe Contact A~Gle
Na2S 151
0 30'
l.THCl 15904
Pb 33% 0= Rosin 167
Sn = 67% ZnC12 176
0
NH Cl I ZnCl 1770 30'4 2
Na S 14202
0Rosin 166 30'
Pb = 50% NH4Cl 168
0 45'
S 50% 0= ZnCl 1692
NH4?1 I ZnC12 180
0
,
1490l a2s
Rosin 1630
Pb • 67% 1720 15'NH4C1
Sn = '3cr1 NH4C1 I ZnC12 174
0 30'/0
ZnC12 178
0
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Table III d.
Contact Angle with Copper
Surface E meried and Etched with KCN
Solc5.erUsed Flu..xUsed Average Contact Ang I.e
Rosin 1640
NH4Cl 164
0 15'
Pb • 33% Na2S 168
0 30'
Sn = 67% NH4Cl I ZnCl 177
0
2
ZnCl,..., 1780 30'
C-
Rosin 1670
Na,....,S 1670 30'
G
Pb - 50;G NH4Cl 1690-
Sn = 50J~ ZnC12 180
0
NII4Cl I ZnC12 180
0
Ros n 1660 30'
NH4Cl 167
0
Pb = 67~b Na2S 170
0 45'
3n - 33% ZnC12 174
0 30'-
NH4Cl I Znc12 174
0 41:>'
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Table IVa.
Contact Angles with Zinc
Oxidized Surface
Solder Used Flux Used Average Contact Angle
Rosin 1660 45'
1710
-
Na S2
Pb = 33% NH4C1 173
0 15'
3n = 67% ZnC12 175
0 30'
NH4Cl I ZnC12 180
0
Na2S 158
0
NH4C1 I ZnC1 169
0
2
Pb = 50% NH4C1 1710
Sn = 5 % ZnC12 171
0
Rosin 0 30'171
Na2S 0
0
Pb ...67% :NH4C1 170
0
Sn = 33% ZnC12 171
0 30'
Rosin 1720 30'
NH4C1 I ZnC1 180
0
2
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Table IV b.
Contact Angles with Zinc
Surfact Ener-Led
,
Solder used F'Lux Used Average Contact Angle
Na2S 0
0
Rosin 1290 45'
Fb = 33% lli4C1 163
0 30'
Sn = 67% ZnC12 175
0 15'
1H4Cl I ZnC12 180
0
Rosin 1410 30'
l'HI4C1 142
0
Pb = 50% Na S 14402
Sn = 50% ZnC12 180
0
1TH4Cl I ZnC12 180
0
Na2S 0
0
NH4Cl 118
0 30'
Pb = 67% Rosin 1600
Sn = 33% ZnC12 173
0 30'
NH4C1 I ZnC12 180
0
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Table IV c.
Contact Angles with Zinc
Surface Emeried and Etched with 1 - 1 HCl
Solder Used Flux Used Average Contact Ang l.e
Na2s 0
0
ZnC12 167
0
Pb = 33% Rosin 1730 45'
Sn = 7% NH4Cl 174
0
NH4Cl I ZnC12 180
0
Na2S 0
0
ZnC12 176
0
Pb = 50% Rosin 176
0 30'
Sn = 50% NH4Cl I ZnC12 179
0
NI14Cl 180
0
Na2S 0
0
Rosin 1720 30'
Pb = 67% ZnC12 176
0
Sn = 33% NH4Cl 179
0 30'
NH4Cl I znC12 180
0
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Table V a.
Contact Angles with Nickel
Surfact Oxidized
Solder Used Flux Used Average Contact Angle
T\TH4Cl 141
0 30'
Na2S 1510 15'
Pb = 33% NH4C1 f ZnCl, 1530 15'G
Sn = 67% ZnC12 160
0
Rosin 1630 30'
Na2S 122
0
Rosin 1380 45'
Pb - 50% NH4Cl f ZnC12 159
0
Sn = 50% ZnC12 171
0 30'
NH4Cl 172
0 30'
Rosin 1380 30',
Na2S 145
0 30'
Pb = 67% T\TH4Clf ZnC12 149
0 30'
Sn = 33% ZnC12 157
0 15'
TH C1 1670 30'4
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Table V b.
Contact Angles with Nickel
Surfact Emeried
Solder Used Flux Used Avera,€:eContact Angle
Rosin 680
Na2S 143
0
Pb = 33% NH4Cl 160
0
Sn = 67% 1TH4Cl f ZnC12 165
0 15'
ZnC12 172
0 45'
Na S 1560 "-2
Rosin 1580 45'
Pb = 50% NH4Cl I ZnC12 160
0
Sn = 50~~ 1TH4Cl 164
0 45'
I
znC12 180
0
Na2S 160
0 30'
Rosin lCOO 30'~O
Pb = 67% J\1H4ClI ZnC12 174
0
Sn = 33% NH4Cl 175
0
ZnC12 180
0
k\fOliTA..~_l\ SCHC F .1L... Uti Y
73U';I,'· E
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Table V c.
Contact ~~gles with Nickel
Surface Emeried and Etched with 1-1 HN03
Solder Used Flux Used Average Contact Angle
Rosin 1320 45'
Na2S 156
0 15'
Pb = 3~% NH4C1 I ZnC1 158
0
2
Sn = 67% NH4C1 162
0
ZnC1 18002
Na2S 121
0 45'
Rosin 1500 30'
Pb = 50% NH4Cl 162
0 45'
Sn = 50% ZnC12 163
0
NH4Cl I ZnC12 168
0 30'
Na2S 125
0
Rosin 1590 30'
Pb - 67% NH4C1 164
0 30'
Sn = 33% 1"'H4Cl I ZnC12 176
0
ZnC12 180
0
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Table VI a.
Contact Angles with Tin
Surface Oxidized
",
Solder Used Flux Used Average Contact Angle
Rosin 1640 45'
Na2S 173
0
Pb = 33% NH4C1 177
0 30'
Sn = 67% ZnC12 180
0
11H4C1 f znC12 180
0
NH4C1 169
0 45'
Rosin 1720 30'
Pb = 50% Na S 1740 15'2
50% 1800
-
Sn'= ZnC12
11H4C1 I ZnC12 180
0
Rosin 1540 30'
:NR4C1 165
0 15'
Pb = 67% ITa S 174
0 15 ,2
Sn = 33% ZnC12 180
0
NH4C1 I ZnC1 180
0
2
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Table VI b.
Contact Angles with Tin
8urfac e Kneri ed
SoLder Used Flu.x Used Averar;e Contact Angle
ZnC12 160
0
Na28 174
0
Pb • 33~b Rosin 1750 30'
8n ...67% NH4C1 I ZnC12 180
0
)\UI4C1 1800
NH4C1 I ZnC12 170
0
Rosin 1750 30'
Pb II: 50% Na28 176
0
8n = 50% NII4 C1 1800
ZnC12 180
0
Nli4C1 1600 15'
Na28 167
0
Pb = 67'/0 ZnC12 180
0
8n = 33% NH C1 I ZnC1 18004 2
Rosin 1800
-23-
Table VII a.
Contact Angles vii th De-tinned Can
Surface Oxidized
Solder Used. Flux Used Average Contant Angle
Na2s 0
0
Rosin 1520 45'
Pb • 33,0 :NH4C1 158
0
Sn - 67% NH4C1 I ZnC12 1690 30'-
ZnC12 1710
Na2s 0
0
Rosin 1550 30'
Pb = 50% 1n4Cl 1630
Sn • 50~b ZnC12 180
0
Nli4C1 I ZnC1 18002
Na2S 51
0
Rosin 1550 45'
Pb • 67% NH4C1 162
0
Sn = 33% ZnC12 174
0
11JI4C1I ZnC1 17502
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Table VII b.
Contact Angles with De-tinned Can
Surface Emeried
Solder Used Flux Used Averae:e Contact Angle
Na2S 00
N1i4Cl 1380
Pb = 33~£ Rosin 1540
Sn :: 67% NH4C1 l ZnC12 1600
ZnC12 1700
Na2S 96
0
Rosin 1650
Fb = 50% NH4C1 1800
8n = 50~b ZnC12 1800
NH4C1 I ZnC12 180
0
Na2S 00
:NHC1 16004
Pb :: 67% Rosin 1610 45'
Sn :: 33% ZnC12 1800
NI-:I4C1I ZnC12 180
0
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Table VII c.
Contact Angles with De-tinned Can
Surface E Meried and Etched with Picric Acid
•
Solder Used Flux Used Average Contact Angle
Na2S 116
0
Rosin 1530 30'
Pb • 33% NH4C1 167
0 30'
Sn = 67% ZnC12 180
0
NH4C1 I ZnC12 180
0
Na2S
055
Rosin 1420 30'
Pb Ii: 50~~ NH4C1 180
0
Sn = 50% ZnC12 180
0
NH4C1 I, ZnC12 180
0
Rosin 1430 30'
:~m4C1 1620 30'
Pb - 67% Na2S. 163
0
Sn = 33% ZnC12 180
0
1TH4C1f ZnC12 180
0
\
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DISC:JSSION
The results obtained ~~th the ammonium chloride, zinc
chloride, the mixture o~ equal parts o~ the two chlorides,
and rosin were similar to those obtained in the preliminary
experiments. 'fith the plate metals used, the zinc chloride
alone or mixture o~ the two chlorides proved to be the
best flux.
The results obtained when sodiu~ sulphide was used as
a ~lux have not proved satisfactory. The temperature
required is hibher than that obtained by use of the Bunsen
burner. The sodium sulphide apparentlyreac ts wi th the
plate metal, forming the sulphide. The heat required to
reduce the sulphide could not be obtained with the Bunsen
burner alone. With the aid of a blowpipe wetting could
be effected.
The field possible for exploration has barely been
touched by the material is this paper, and it is the
author's opinion that this ~ield should be further investi-
cated. Innumerable possibilities present themselves by
varying the solders, ~luxes, and conditions under which the
experimentation is carried on.
-27-
SUII'U.1ARY
1. Rosin will protect a surface from oxidation and
will clean solder, but will not always clean an oxidized
surface.
2. The inorganic salts, an~onium chloride, zinc chloride,
and a mixture of the two chlorides clean an oxidized sur-
face as well as protecting a previously cleaned one.
3. The common soft-solder fluxes will not cause wetting
of the aLu.rri num , This is probably due to the resistant
aluminQ~ oxide film which forms and is not broken down by
the fluxes.
4. Best results are obtained when the plate metal is
previously cleaned and the flux and solder placed on the
metal before the latter is heated.
5. Sodium sulphide has not proved satisfactory as a
flux with the conditions maintained durinG the experiments.
-28-
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